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(54) Title; PIPERAZINONEPHENYLOXAZOLIDINONE DERIVATIVES AND THEIR USE AS ANTIBACTERIAL AGENTS 

(57) Abstract 

The invention concerns a com- 
pound of formula (I) wherein: R 1 is 
of the formula -NHC(-OXl-4Qaikyl, 
-NHS(0)n(l-4C)allcyl wherein n is 0, 

I or 2 or R 1 is hydroxy; K 2 and R 3 are c M ' \. / \ m 

independently hydrogen or fluoro; R 4 R° N J N~\\ y/~~N P W 

is hydrogen, methyl, ethyl or oxo; R 5 is 
hydrogen, (l-6Qalkyl, (2-6C)alkenyl, 
(2-6C)alkynyl or of the formula 
R 6 (CH2)m- wherein either m is 1-4 and 
R 6 is, for example, trifluoromethyl, 
difiuoromethyl, fluoromethyl, (1- 
4Qalkoxy, (l-4C)aIkyl S(0)p- wherein 

p is 0, 1 or 2, (l^alkanoyloxy, di<N^I^C)alkyl)amino, N-((l -4C)alkylXl -4C)alkanoylamino, cyano, carboxy, (l-4Qalkoxycarbonyl, 
carbamoyl, di-Qs}-(I-4C)alkyl)carbamoyl, N^(l-4C)alkyIXl^)alkaii«Julphonamido, Ni^I^^lkyl^i.^l-^^kynureido, or 
of the formula -OC(-0)NR 7 (R«) or -N(R*)S02NR 7 (R8) wherein R 7 and R 8 are independently hydrogen or (l«4C)alkyl and R' is 
(l-4C)alkyl; or m is 2-4 and R« is. for example, hydroxy, (l-4C)aIkanoylamino, amino, (l-4C)alkyiamino, (l-4C)alkanesulphonamido. 
ureido, di-(NMl-4Qalkyl)urctdo or of die formula -NHS02NR 7 (R«X and pharmaccudcally-acceptable salts thereof; processes for their 
preparation; pharmaceutical compositions containing them and their use as antibacterial agents. 
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PIPERAZINONEPHENYLOXAZOLIOINOME DERIVATIVES AND THEIR USE AS ANTIBACTERIAL 

The present invention relates to antibiotic compounds, and in particular to 
antibiotic compounds containing both piperazinone and oxazolidinone rings. This invention 
5 further relates to processes for their preparation, to intermediates useful in their preparation, 
to their use as therapeutic agents and to pharmaceutical compositions containing them. 

The international microbiological community continues to express serious concern 
that the evolution of antibiotic resistance could result in strains against which currently 
available antibacterial agents will be ineffective. In general, bacterial pathogens may be 
10 classified as either Gram-positive or Gram-negative pathogens. Antibiotic compounds with 
effective activity against both Gram-positive and Gram-negative pathogens are generally 
regarded as having a broad spectrum of activity. The compounds of the present invention 
are regarded primarily as effective against Gram-positive pathogens because of their 
particularly good activity against such pathogens. 
15 Gram-poshive pathogens, for example Staphylococci, Enterococci, Streptococci 

and mycobacteria, are particularly important because of the development of resistant strains 
which are both difficult to treat and difficult to eradicate from the hospital environment once 
established. Examples of such strains are methicillin resistant staphylococcus (MRSA), 
methicillin resistant coagulase negative staphylococci (MRCNS), penicillin resistant 
20 Streptococcus pneumoniae and multiply resistant Enterococcus faecium. 

The major clinically effective antibiotic for treatment of such resistant 
Gram-positive pathogens is vancomycin. Vancomycin is a glycopeptide and is associated 
with nephrotoxicity and ototoxicity. Furthermore, and roost importantly, antibacterial 
resistance to vancomycin and other glycopeptides is also appearing. This resistance is 
25 increasing at a steady rate rendering these agents less and less effective in the treatment of 
Gram-positive pathogens. 

The present inventors have discovered a class of antibiotic compounds containing 
an oxazolidinone ring which has useful activity against Gram-positive pathogens including 
MRSA and MRCNS and, in particular, against various strains exhibiting resistance to 
30 vancomycin and against E. faecium strains resistant to both aminoglycosides and clinically 
used P-lactams. 
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We have now discovered a narrow range of compounds that is not suggested by 
the art and which has good activity against a broad range of Gram-positive pathogens 
including organisms known to be resistant to most commonly used antibiotics. In 
comparison with compounds described in the art (for example Walter A. Gregory et al in 
5 J.Med.Chem. 1990, 33, 2569-2578 and Chung-Ho Park et al in J.Med.Chem. 1992, 35, 
1 156-1 165) the compounds also possess a favourable toxicological profile. 

Accordingly, the present invention provides a compound of the formula (I): 




wherein: 

R' is of the formula -NHC(=0)(l-4C)alkyl, -NHS(0)„(l-4C)alkyl wherein n is 0, 1 or 2 or 
R 1 is hydroxy; 

R 2 and R 3 are independently hydrogen or fluoro; 
R 4 is hydrogen, methyl, ethyl or oxo; 

R 5 is hydrogen, (l-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl or of the formula R^CH^- 
wherein either m is 1-4 and R 6 is trifluoromethyl, difluoromethyl, fluoromethyl, 
(l-4C)alkoxy, (l-4C)alkyl S(0) p - wherein p is 0, 1 or 2, (l-6C)alkanoyloxy, 
di-(H-(l-4C)alkyl)amino, N-((l-4C)alkyl)(l-4C)alkanoylamino, cyano, carboxy, 
(l-4C)alkoxycarbonyl, carbamoyl, N-(l-4C)alkylcarbamoyl, di-(N-(l-4C)alkyl)carbamoyl, 
H-((l-4C)alkyl)(l-4C)alkanesulphonamido,N'-((l-4C)alkyl)ureido, 
M'-((l-4C)alkyi>H 3 -((l-4C)alkyi)ureido, N'-((l-4C)alkyl)-di-(N 3 -(l -4C)alkyl)ureido, 
or of the formula -OC(=0)NR 7 (R 8 ) wherein R 7 and R 8 are independently hydrogen or 
(l-4C)alkyl or of the formula -N(R*)S0 2 NR 7 (R 8 ) wherein R 7 and R 8 are as hereinabove 
defined and R 9 is (l-4C)alkyl; 

or m is 2-4 and R 6 is hydroxy, (1-4C)alkanoylamino, amino, (MQalkylamino, 
(l-4C)alkanesulphonamido, ureido, N 3 -((l-4C)alkyl)ureido, di-(H 3 -(l-4C)alkyl)ureido or of 
the formula - NHS0 2 NR 7 (R 8 ) wherein R 7 and R 8 are as hereinabove defined; 
and pharmaceutically-acceptable salts thereof. 
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In this specification the generic term "alkyl" includes straight chained and 
branched structures, for example (l-6C)alkyl includes propyl, isopropyl and tert-butyl. 
However, references to individual alkyl groups such as "propyl" are specific for the straight- 
chain version only, and references to individual branched-chain alkyl groups such as 
5 "isopropyl" are specific for branched-chain versions only. An analogous convention applies 
to other generic terms. 

Examples of (l-4C)alkyl and (l-6C)alkyl include methyl, ethyl, propyl, isopropyl 
and leu-butyl; examples of N-(l-4C)alkylcarbamoyl include methylcarbamoyl and 
ethylcarbamoyl; examples of di(N-(MC)alkyl)carbamoyl include di(methyl)carbamoyl and 
10 di(ethyl)carbamoyl; examples of (l-6C)alkylS(0) p - include methylthio, ethylthio, 
methylsulphinyl, ethylsulphinyl, methylsulphonyl and ethylsulphonyl; examples of (2- 
6C)alkenyl include allyl and vinyl; examples of (2-6C)alkynyl include ethynyl and 
2-propynyl; examples of (MQalkoxy include methoxy, ethoxy and propoxy; examples of 
(l-6C)alkanoylamino include acetamido and propionyiamino; examples of N<(1- 
15 4C)alkyl)(l-4C)alkanoylamino include N-methylacetamido, N-methylpropionylamino and 
N-ethylacetamido; examples of (l-6C)alkanesulphonamido include methanesulphonamido 
and ethanesulphonamido; examples of N-((l-4C)alkyl)-(l-4C)alkanesulphonamido include 
NKmemyl)-methanesdphonamido,M^memyl)ethanesulphonamido and E- 
(ethyl)ethanesulphonamido; examples of (MC)alkanoyloxy include acetyloxy and 
20 propionyloxy; examples of M-(l-4C)alkylamino include methylamino and ethylamino; 
examples of di-(tt-<MC)alkyl)amino include di-N-methylamino, di-(N-eth y I)amino and 
N-ethyi-H-methylamino; examples of (l-4C)aIkoxycarbonyl include methoxycarbonyl and 
ethoxycarbonyl; examples of tt'-KMQalkyOureido include M'-methylureido and 
N'-ethylureido; examples of N'-((l-4C)alkyl)-M 3 -((l-4C)alkyl)ureido include N'-methyl- 
25 H 3 -methylureido, H , ^%l-N 3 -methylureidoandN , *ethyl-N 3 -ethylureido; examples of 
H'-((l-4C)alkyl)-di-(M 3 -<l-4C)alkyl)urcido include N'-methyl-di-Ol'-methyOureido, 
H'-ethyl-di-(N 3 -methyl)ureido and M'-methyl-^-ethyl-^-methylureido; examples of 
N 3 -((l-4C)alkyl)ureido include N 3 -methylureido, and H 3 -ethylurcido; and examples of 
di-(H 3 -(l-4C)alkyl)ureido include di-(N 3 -methyl)ureido, N 3 -ethyl-U 3 -methylureido and 
30 di-<N 3 -etbyl)ureido. 

The compounds of the present invention have a chiral centre at the C5-position. The 
pharmaceutically active enantiomer is of the formula (IA): 
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(IA) 



5 The present invention includes the pure enantiomer or diastereoisomer depicted above 

and mixtures of the 5(R) and 5(S) enantiomers or diastereoisomers, for example a racemic 
mixture or equal mixtures of diastereoisomers. If a mixture of 5(R) and 5(S) is used, a larger 
amount (depending up on the ratio of the enantiomers or diastereoisomers) will be required to 
achieve the same effect as the same weight of the pharmaceutically active enantiomer. 

10 Furthermore, some compounds of the formula (I) may have other chiral centres. 

It is to be understood that certain compounds of the formula I can exist in solvatfed as 
well as unsolvated form such as, for example, hydrated forms. It is to be understood that the 
invention encompasses all such solvated forms which possess antibacterial activity. 

Suitable pharmaceutically-acceptable salts include acid addition salts such as 

15 hydrochloride, hydrobromide, citrate, maleate, methanesulfonate, fumarate and salts formed 
with phosphoric and sulfuric acid. In another aspect suitable salts are base salts such as 
sodium, an alkaline earth metal salt for example calcium or magnesium, an ammonium or 
tetra-(2-hydroxyethyl)ammonium salt, an organic amide salt for example triethylamine, 
morpholine, N-methylpiperidine, N-ethylpiperidine, procaine, dibenzylamine, 

20 dibenzylethylamine or amino acids for example lysine. There may be more than one cation 
or anion depending on the number of charged functions and the valency of the cations or 
anions. A preferred pharmaceutically-acceptable salt is the sodium salt. 

However, to facilitate isolation of the salt during preparation, salts which are less 
soluble in the chosen solvent may be preferred whether pharmaceutically-acceptable or not. 

25 The compounds of the formula (I) may be administered in the form of a pro-drug 

which is broken down in the human or animal body to give a compound of the formula (I). 
Examples of pro-drugs include in-vivo hydrolysable esters of a compound of the formula 

a). 
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An in-vivo hydrolysable ester of a compound of the formula (I) containing carboxy 
or hydroxy group is, for example, a pharmaceutically-acceptable ester which is hydrolysed 
in the human or animal body to produce the parent acid or alcohol. Suitable 
pharmaceutically-acceptable esters for carboxy include (l-6C)alkoxymethyl esters, for 
5 example methoxymethyl; (l-6C)alkanoyloxymethyl esters, for example pivaloyloxymethyl; 
phthalidyl esters; (3-8C)cycloalkylcarbonyloxy-(l-6C)alkyl esters, for example 
1-cyclohexylcarbonyloxyethyl; l,3-dioxolen-2-onylmethyl esters, for example 5-methyl- 
l,3-dioxolen-2-onylmethyl; and (l-6C)alkoxycarbonyloxyethyl esters, for example 
1-methoxycarbonyloxyethyl; and may be formed at any carboxy group in the compounds of 
10 this invention. 

An in-vivo hydrolysable ester of a compound of the formula (I) containing a 
hydroxy group is, for example, a pharmaceutically-acceptable ester which is hydrolysed in 
the human or animal body to produce the parent alcohol. The term includes inorganic esters 
such as phosphate esters and a-acyloxyalkyl ethers and related compounds which as a result 

!5 of the in-vivo hydrolysis of the ester breakdown to give the parent hydroxy group. 
Examples of a-acyloxyalkyl ethers include acetoxymethoxy and 
2^-dimethylpropionyloxymethoxy. A selection of in-vivo hydrolysable ester forming 
groups for hydroxy include alkanoyl, benzoyl, phenylacetyl, and substituted benzoyl and 
phenylacetyl, alkoxycarbonyl (to give alkyl carbonate esters), dialkylcarbamoyl and H- 

20 (diaIkylaininoethyl>H-alkylcarbamoyl (to give carbamates), dialkylarainoacetyl and 
carboxyacetyl. 

Preferred compounds of the invention comprise a compound of the formula (I), or a 
pharmaceutically-acceptable salt thereof, wherein the substituents R 1 to R 9 have the values 
disclosed hereinbefore or have any of the following values : 
25 a) Preferably R 1 is of the formula -NHC(=OXl -4C)alkyl. 

b) Most preferably R 1 is acetamido. 

c) In another aspect R* is hydroxy. 

d) Preferably one of R 2 and R 3 is hydrogen and the other is fluoro. 

e) Preferably R 4 is hydrogen, methyl or oxo. 
30 f) More preferably R 4 is hydrogen or oxo. 

g) Most preferably R 4 is hydrogen. 
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h) Preferably R 5 is (l-6C)alkyl or of the formula R 6 (CH 2 ) m - wherein either m is 1 or 2 
and R 6 is trifluoromethyl, (l-4C)aIkoxy, (l-4C)alkylS(0) p - (wherein p is 0, 1 or 2), 
( 1 -4C)alkoxycarbonyl, carbamoyl, H-( 1 -4C)alkylcarbamoyl, or 
di-(N-(l-4C)alkyl)carbamoyl, or m is 2 or 3 and R 6 is hydroxy or 

5 (l-4C)alkanoylamino. 

i) More preferably, R 5 is methyl, ethyl, 2, 2, 2-trifluoroethyl, 2-methoxyethy], 
methylthiomethyl, methoxycarbonylmethyl, carbamoylmethyl, 
di-(N-methyl)carbamoylmethyl, 2-hydroxyethyl or 2-(acetamido)ethyl. 

j) Most preferably R 5 is 2-fluoroethyl. 

10 

Therefore, in another aspect of the invention preferred compounds of the invention 
comprise a compound of the formula (I) wherein : 

a) R 1 is of the formula -NHC(=0)(1 -4C)alkyl; 
15 R 2 and R 3 is hydrogen and the other is fluoro; 

R 4 is hydrogen, methyl or oxo; 

R s is (l-6C)alkyl or of the formula R^CHj)^- wherein either mis 1 or2andR 6 is 
trifluoromethyl, (l-4C)alkoxy, (l-4C)alkylS(0) p - (wherein p is 0, 1 or 2), 
(l-4C)alkoxycarbonyl, carbamoyl, U-( I -4C)alkylcarbamoyl, or 
20 di-(M-(MC)alkyl)carbamoyl, or m is 2 or 3 and R 6 is hydroxy or (l-4C)alkanoylamino. 

b) R 1 is of the formula -NHC(=0)(1 -4C)alkyl; 
R 2 and R 3 is hydrogen and the other is fluoro; 

R 4 is hydrogen, methyl or oxo; 
25 R 5 is (l-6C)alkyl or of the formula R^CH^- wherein either m is 1 or 2 and R 6 is 
trifluoromethyl, fluoromethyl, (l-4C)alkoxy, (MC)alkylS(0) p - (wherein p is 0, 1 or 2), 
(l-4C)alkoxycarbonyI, carbamoyl, H-(l-4C)alkylcarbamoyl, or 
di-(N-( 1 -4C)alky l)carbamoyl, or m is 2 or 3 and R 6 is hydroxy or ( 1 -4C)alkanoylamino. 

30 c) R 1 is acetamido; 

R 2 and R 3 is hydrogen and the other is fluoro; 
R 4 is hydrogen, methyl or oxo; 



WO 97/27188 PCT/GB97/00169 

-7- 

R J is (l-6C)alkyl or of the formula R'CCHJ^- wherein either mis 1 or2andR 6 is 
trifiuoromethyl, (l-4C)alkoxy, (l-4C)alkylS(0) p - (wherein p is 0, 1 or 2), 
(l-4C)alkoxycarbonyl, carbamoyl, M-(l-4C)alkylcarbamoyl, or 
di-(N-(l-4C)alkyl)carbamoyI, or m is 2 or 3 and R 6 is hydroxy or (l-4C)alkanoylamino. 

5 

d) R 1 is acetamido; 

2 3 

R andR is hydrogen and the other is fluoro; 
R 4 is hydrogen, methyl or oxo; 

R 5 is (1 -6C)alkyl or of the formula R 6 (CH 2 ) m - wherein either m is 1 or 2 and R 6 is 
10 trifiuoromethyl, fluoromethyl, (MQalkoxy, (1 -4C)alkylS(0) p . (wherein p is 0, 1 or 2), 
(MC)alkoxycarbonyl, carbamoyl, M-(MC)alkylcarbamoyl, or 
di-(M-(l-4C)alkyl)carbamoyl, or m is 2 or 3 and R 6 is hydroxy or (MC)alkanoylamino. 

e) R 1 is hydroxy; 

15 R 2 and R 3 is hydrogen and the other is fluoro; 
R 4 is hydrogen, methyl or oxo; 

R 5 is (l-6C)alkyl or of the formula R 6 (CHJ m - wherein either m is 1 or 2 and R 6 is 
trifiuoromethyl, ( l-4C)alkoxy, (l-4C)alkylS(0) p -(wherein p is 0, 1 or 2), 
(l-4C)alkoxycarbonyl, carbamoyl, H-(l-4C)alkylcarbamoyl, or 
20 di-(N-(l-4C)alkyl)carbamoyl, or m is 2 or 3 and R 6 is hydroxy or (MQalkanoylamino. 

f) R 1 is hydroxy; 

R 2 and R 3 is hydrogen and the other is fluoro; 
R 4 is hydrogen, methyl or oxo; 
25 R 5 is (l-6C)alkyl or of the formula K 6 (Oi^ wherein either m is 1 or 2 and R 6 is 
trifluoromethyl, fluoromethyl, (MQalkoxy, (l-^JalkylS^- (wherein p is 0, 1 or 2), 
(l-4C)alkoxycarbonyl, carbamoyl, H-(l-4C)alkylcarbamoyl, or 
di-(M-(l-4C)alkyl)carbamoyl, or m is 2 or 3 and R 6 is hydroxy or (MC)alkanoylamino. 



30 g) R 1 is acetamido; 

R 2 and R 3 is hydrogen and the other is fluoro; 
R 4 is hydrogen or oxo; 
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R 5 is (l-6C)alkyl or of the formula R 6 (CHd m - wherein either m is 1 or 2 and R 6 is 
trifluoromethyl, (l-4C)alkoxy, (MC)alkylS(0) p -<wherein p is 0, 1 or 2), 
(l-4C)alkoxycarbonyl, carbamoyl, N<l-4C)alkylcarbamoyl, or 
di-(N-(l-4C)alkyl)carbamoyl, or m is 2 or 3 and R 6 is hydroxy or (l-4C)alkanoyiamino. 

5 

h) R 1 is acetamido; 

R andR is hydrogen and the other is fluoro; 
R 4 is hydrogen or oxo; 

R 5 is (l-6C)alkyl or of the formula R^CH^- wherein either m is 1 or 2 and R 6 is 
10 trifluorometoyl,fluoromemyl,(MC)al^ ! or2) , 

(l-4C)alkoxycarbonyl, carbamoyl, M-(l-4C)aIkylcarbamoyl, or 
di-Q>I-(MC)alkyl)carbamoyl, or ra is 2 or 3 and R 6 is hydroxy or (MQalkanoylamino. 

i) R 1 is acetamido; 

15 R 2 and R 3 is hydrogen and the other is fluoro; 
R 4 is hydrogen; 

R 5 is ( 1 -6C)alkyl or of the formula R^CH^- wherein either m is 1 or 2 and R 6 is 
trifluoromethyl, (l-4C)alkoxy, (l-4C)alkylS(0) p - (wherein p is 0, 1 or 2), 
(l-4C)alkoxycarbonyl, carbamoyl, N-0-4C)alkylcarbamoyl, or 
20 di-(H-(l -4C)alkyl)carbamoyl, or m is 2 or 3 and R 6 is hydroxy or (1 -4C)alkanoylamino. 

j) R 1 is acetamido; 

R 2 and R 3 is hydrogen and the other is fluoro; 

R 4 is hydrogen; 

25 R s is (l-6C)alkyl or of the fonnula R^CHj),,,- wherein either m is 1 or 2 and R 6 is 
trifluoromethyl, fluoromethyl, (l-4C)alkoxy, (l-4C)alkylS(0) p - (wherein p is 0, 1 or 2), 
(MQalkoxycarbonyl, carbamoyl, N-(l-4C)alkylcarbamoyl, or 
di-(N-(l -4C)alkyl)carbamoyl, or m is 2 or 3 and R 6 is hydroxy or (1 -4C)alkanoylamino. 

30 k) R 1 is acetamido; 

R 2 and R 3 is hydrogen and the other is fluoro; 
R 4 is hydrogen; 
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R 5 is methyl, ethyl, 2, 2, 2-trifluoroethyl, 2-methoxyethyl, methylthiomethyl, 
methoxycarbonylmethyl, carbamoylmethyl, di-(N-me%l)au-baraoylmethyl, 
2-hydroxyethyl or 2-(acetamido)ethyl. 

5 1) R 1 is acetamido; 

R 2 and R 3 is hydrogen and the other is fluoro; 
R 4 is hydrogen; 

R 5 is methyl, ethyl, 2, 2, 2-trifluoroethyl, 2-fluoioethyl, 2-methoxyethyl, methylthiomethyl, 
methoxycarbonylmethyl, carbaraoylmethyl, di-01-methyl)carbamoylmethyl, 2-hydroxyethyl or 
10 2-(acetamido)ethyl. 

Particular compounds of the present invention are: 

N-((5S>3-(3-fluoro^-(4-memyl-3-oxopiperazin-l-yl)phenyl)-2-oxooxazolidin-5-yl)- 
methyl)acetamide; 

15 N-((5S)-3-(3-fluoro^-<4-emyl-3-oxopiper^ 
acetamide; 

NK(5S)-3-(3-fluoro^-(4<2,2^-trifluoroemyl)-3-oxopiperazin-l-yl)phenyl).2- 
oxooxazolidin-5-ylmethyl)acetamide; 

N-((5S)-3-(3-fluoro^(4K2-fluo roe %l)-3-oxopiperazin-l-yl)phenyl)-2-oxooxazolidin-5-yl- 
20 methyl)acetamide; 

N-((5S>3-(3-fluoro-4-(4-(2-hydroxye^ 
ylmethyl)acetaniide; 

N-((5S)0-(3-fluoro^<4-(2-memoxyemyl)-3-oxopipera2in-l.yl)phenyl)-2-oxooxazoli 
ylmethyl)acetamide; 

25 N-((5S>3-(3-fluoro-4-(4-meftyltfc^ 
ylmethyl)acetamide; 

N-((5S)-3-(3-fluoro-4-(4-memoxycarbonylmemyl-3-oxopiperazin-l-yl)phenyl)-2- 
oxooxazolidin-5-ylmethyl)acetamide; 

N-((5S^3-(3-fluoro^4<arbamoylmethyl-3-oxopip e ra2in-l-yl)phenyl>2-oxoox^ 
30 ylmethyl)acetamide; 

N^(5S)-3-(3.fluoro^(4-AW-dime%lc^^ 
oxooxazolidin-5-ylmethyl)acetamide; 
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N~((5S)-3^3-fluoro^4-(2-ac^^ 

5-yImethyl)acetamide; or pharmaceutically-acceptable salts thereof. 

Particular preferred compounds of the invention are : 
N-((5S)-3.(3-fluoro-4-(4-methyI-3-oxopiperazin- 1 -yl)phenyl)-2-oxooxazolidin-5-yl)- 
5 methyl)acetamide; 

N-((5S)-3-(3-fluoro-4-(4-ethyl-3^^^ 
acetamide; 

N-((5S)-3-(3-fluoro-4-(4<2-fluoroethyl)-3-^^^ 

methyl)acetamide; 
10 N-((5S)0-(3-fiuoro-4-(4-(2-methoxy^ 

ylmethyl)acetamide; or pharmaceutically-acceptable salts thereof. 
An especially preferred compound of the invention is : 

N-((5S)-3-(3-fluoro-4-(4-(2-fluoroethyl).3.oxopipera2in- 1 -yl)phenyl>2-oxooxazolidin-5-yl- 

methyl)acetamide; or pharmaceutically-acceptable salts thereof. 
15 In a further aspect the present invention provides a process for preparing a compound 

of the formula (I) or a pharmaceutically-acceptable salt thereof. The compounds of the foimula 

(I) may be prepared by deprotecting a compound of the formula (II): 




(ID 

wherein R 2 -R 4 are as hereinabove defined, R 10 is R 1 or protected R 1 and R 1 1 is R 5 or protected R 5 , 
and thereafter, if necessary, forming a pharmaceutically-acceptable salt. 

Protecting groups may be removed by any convenient method as described in the 
literature or known to the skilled chemist as appropriate for the removal of the protecting group 
in question, such methods being chosen so as to effect removal of the protecting group with 
minimum disturbance of groups elsewhere in the molecule. 
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Specific examples of protecting groups are given below for the sake of convenience, in 
which "lower" signifies that the group to which it is applied preferably has 1-4 carbon atoms. It 
will be understood that these examples are not exhaustive. Where specific examples of methods 
for the removal of protecting groups are given below these are similarly not exhaustive. The 
5 use of protecting groups and methods of deprotection not specifically mentioned is of course 
within the scope of the invention. 

A carboxy protecting group may be the residue of an ester-forming aliphatic or 
araliphatic alcohol or of an ester-forming silanoJ (the said alcohol or silanol preferably 
containing 1-20 carbon atoms). 
10 Examples of carboxy protecting groups include straight or branched chain 

(l-12C)alkyl groups (eg isopropyl, ten-butyl); lower alkoxy lower alkyl groups (eg 
methoxymethyl, ethoxymethyl, isobutoxymethyl; lower aliphatic acyloxy lower alkyl groups, 
(eg acetoxymethyl, propionyloxymethyl, butyryloxymethyl, pivaloyloxymethyl); lower 
alkoxycarbonyloxy lower alkyl groups (eg 1-methoxycarbonyloxyethyl, 
15 1-ethoxycarbonyloxyethyl); aryl lower alkyl groups (eg p-methoxybenzyl, fl-nitrobenzyl, 
B-nitrobenzyl, benzhydryl and phthalidyl); tri(lower alkyl)silyl groups (eg trimethylsilyl and 
teU-butyldimethylsilyl); triflower alkyl)silyl lower alkyl groups (eg trimethylsilylethyl); and 
(2-6C)alkenyl groups (eg allyl and vinylethyl). 

Methods particularly appropriate for the removal of carboxyl protecting groups 
20 include for example acid-, metal- or enzymically-catalysed hydrolysis. 

Examples of hydroxy protecting groups include lower alkenyl groups (eg allyl); lower 
alkanoyl groups (eg acetyl); lower alkoxycarbonyl groups (eg teH-butoxycarbonyl); lower 
alkenyloxycarbonyl groups (eg aUyloxycarbonyl); aryl lower alkoxycarbonyl groups (eg 
benzoyloxycarbonyl, B-methoxybenzyloxycarbonyl, fl-nitrobenzyloxycarbonyl, 
25 c-nitrobenzyloxycarbonyl); tri lower alkyl/arylsilyl groups (eg trimethylsilyl, 

ISd-butyldimethylsilyl, tefl-butyldiphenylsilyl); aryl lower alkyl groups (eg benzyl) groups; and 
triaryl lower alkyl groups (eg triphenylmethyl). 

Examples of amino protecting groups include formyl, aralkyl groups (eg benzyl and 
substituted benzyl, eg c-methoxybenzyl, nitrobenzyl and 2,4-dimethoxybenzyl, and 
30 triphenylmethyl); di-p-anisylmethyl and furylmethyl groups; lower alkoxycarbonyl (eg 
Ifid-butoxycarbonyl); lower alkenyloxycarbonyl (eg allyloxycarbonyl); aryl lower 
alkoxycarbonyl groups (eg benzyloxycarbonyl, p-methoxybenzyloxycarbonyl, 
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G-nitrobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl; trialkylsilyl (eg trimethylsilyl and 
tfiri-butyldimethylsilyl); alkylidene (eg methylidene); benzylidene and substituted benzylidene 
groups. 

Methods appropriate for removal of hydroxy and amino protecting groups include, for 
5 example, acid-, metal- or enzymically-catalysed hydrolysis, for groups such as 
G-nitrobenzyloxycarbonyl, photolysis and for groups such as silyl groups, fluoride. 

Examples of protecting groups for amide groups include aralkoxymethyl (eg. 
benzyloxymethyl and substituted benzyloxymethyl); alkoxymethyl (eg. methoxymethyl and 
trimethylsilylethoxymethyl); trialkyl/arylsilyl (eg. trimethylsilyl, t-butyldimethylsilyl, len- 
10 butyldiphenylsilyl); tri alkyl/aiylsilyloxymethyl (eg. IfiEt-butyldimethylsiiyloxymethyl, 
tCEt-butyldiphenylsilyloxymethyl); 4-alkoxyphenyl (eg. 4-methoxyphenyl); 2,4- 
di(aIkoxy)phenyl (eg. 2,4-dimethoxyphenyl); 4-alkoxybenzyl (eg. 4-methoxybenzyl); 2,4- 
di(alkoxy)benzyl (eg. 2,4-di(methoxy)benzyl); and alk-l-enyl (eg. allyl, but-l-enyl and 
substituted vinyl eg. 2-phenylvinyl). 
15 Aralkoxymethyl, groups may be introduced onto the amide group by reacting the latter 

group with the appropriate aralkoxymethyl chloride, and removed by catalytic hydrogenation. 
Alkoxymethyl, tri alkyl/arylsilyl and tri alkyl/silyl groups may be introduced by reacting the 
amide with the appropriate chloride and removing with acid, or in the case of the silyl 
containing groups fluoride ions. The alkoxyphenyl and alkoxybenzyl groups are conveniently 
20 introduced by aiylation or alkylation with an appropriate halide and removed by oxidation with 
eerie ammonium nitrate. Finally alk-l-enyl groups may be introduced by reacting the amide 
with the appropriate aldehyde and removed with acid. 

For further examples of protecting groups see one of the many general texts on the 
subject, for example, 'Protective Groups in Organic Synthesis' by Theodora Green (publisher: 
25 John Wiley & Sons). 

In another aspect of the present invention the compounds of the formulae (I) and (II) 
and pharmaceutically-acceptable salts thereof can be prepared :- 

a) by modifying a substituent in, or introducing a substituent into, another compound of 
the formula (I); 

30 b) when R 1 is of the formula - NHS(0) n (l-4C)alkyl, wherein n is 1 or 2, by oxidising a 
compound of the formula (I) wherein n is 0 or, when n is 2 by oxidising a compound of the 
formula (I) wherein n is 1 ; 
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c) when R 1 is of the formula -NHC(=0)(l-4C)alkyl or -NHS(0) n (l-4C)alkyl, by reacting 
a compound of the formula (III) with a compound of the formula (IV): 



R 4/ r3 / V_ 



NH, 



aii) 



L'-R' 2 

av) 



d) when R' is hydroxy, by reacting a compound of the formula (V) with a compound of 
the formula (VI): 



Rl1 _ N ^V ^ 



O 

^,0 



o 



(V) 



(VI) 
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e) when R 1 or R 10 is of the formula -NHC(=0)(l-4C)alkyl, the reaction of a compound of 
the formula (I) or (II) wherein R 1 or r!° is hydroxy, with an amide of the formula (VII) : 



O 

A 0R 13 



HN 

X CO(1-4C)alkyl 



(VII) 

wherein R 2 -R 4 , R 10 and R 1 ' are as hereinabove defined, 
R 12 is of the formula -C(=OXl-4C)alkyl or -S(0)„(l-4C)alkyl, 
R 13 is (l-6C)alkyl or benzyl, R 14 is (1 -6C)alkyl and L 1 is a leaving group; 
and thereafter if necessary: i) removing any protecting groups; 
5 ii) forming a pnarmaceutically-acceptable salt 

Methods for converting substituents into other substituents are known in the art. For 
example an alkylthio group may be oxidised to an alkylsulphinyl or alkysulphonyl group, a 
cyano group reduced to an amino group, a nitro group reduced to an amino group, a hydroxy 
10 group alkylated to a methoxy group, or a bromo group converted to an alkylthio group. 

Compounds of the formula (I) or (II) wherein R* or R 10 is -NHS(0) n (l-4C)alkyl can 
be prepared by oxidising a compound of the formula (I) or (II) with standard reagents known in 
the art for the oxidation of a thio group to a sulphinyl or sulphonyl group. For example, a thio 
group may be oxidised to a sulphinyl group with a peracid such as m-chloroperoxybenzoic acid 
15 and oxidising agents such as potassium permanganate will convert a thio group to a sulphonyl 
group. Compounds of the formula (I) or (II) wherein R 1 or R 10 is -NHS( 1 -4C)aIkyl can be 
prepared by reacting compounds of the formula (III) with a reagent such as (1 -4C)alkylSCl. 

Standard reaction conditions for the acetylation of an amine group in a compound of 
the formula (III) or its conversion to a sulphonamido group are known in the art. For example, 
20 the amino group can be acetylated to give an acetamido group using the Schotten-Baumann 
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procedure; reacting the compound of the formula (III) with acetic anhydride in aqueous sodium 
hydroxide and THF in a temperature range of 0° to 60°C, preferably between 0°C and ambient 
temperature. Preferably the acylation is carried out in situ following the catalytic hydrogenation 
of a compound of the formula (IIIA) (below), by performing the hydrogenation in the presence 
5 of acetic anhydride. 

A compound of the formula (III) could for example be converted to a compound of the 
formula (I) or (II) wherein R 1 or R° is (1-4C)S(>2NH- by reacting the compound of the formula 
(III) with a sulphonyl chloride. For example, by reacting the compound of the formula (III) 
with mesyl chloride in a mild base such as pyridine. 

10 Alternatively compounds of the formula (I) or (II) wherein R 1 or R 10 is 

(l-4C)alkylS0 2 NH- or (l-4C)alkyISONH- may be prepared by reacting a compound of the 
formula (III) with a compound of the formula (IV) wherein L 1 is a phthalimido group, or 
preferably L 1 is halo, for example chlono. 

The compound of the formula (TV) wherein L 1 is phthalimido may be prepared by 

15 oxidising a compound of the formula (IVA): 

O 

N — S(1-4C)alkyl 
\> 

(IVA) 

with standard oxidising agents known for the conversion of a thio group to a sulphinyl or 
sulphonyl group. Compounds of the formula (IVA) can be prepared by reacting phthalimide 
20 with an alkylthiohalide, preferably the alkylthiochloride ((1 -4C)alkylSCl). 

A compound of the formula (III) may be prepared by reducing a compound of the 
formula (IIIA): 




25 
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(hia) 

5 wherein R 2 -R 4 and R 1 1 are as hereinabove defined. 

Suitable reducing agents include triethylamine/hydrogen sulphide, triphenylphosphine 
or phosphite ester, or hydrogen in the presence of a catalyst. More specifically a compound of 
the formula (IIIA) may be converted to a compound of the formula (III) by heating it in an 
aprotic solvent, such as 1,2-dimethoxyethane, in the presence of P(OMe)3 and subsequently 
10 heating in 6N aqueous hydrochloric acid, or reacting it with hydrogen in the presence of 
palladium on carbon in an aprotic solvent such as DMF or ethyl acetate. For further details on 
the reduction of azides to amines see USP 4,705,799. A compound of the formula (IIIA) may 
be reduced and converted to a compound of the formula (I) or (II) in situ using acetic anhydride 
in DMF. 

15 A compound of the formula (IIIA) may be prepared by reacting a compound of the 

formula (IHB): 




20 (IHB) 

wherein R 15 is mesyloxy or tosyloxy, with a source of azide. For example, by reacting (IIIB) 
with sodium azide in an inert solvent such as DMF in a temperature range of ambient to 100°C, 
normally in the region of 75°C - 85°C. A compound of the formula (IIIB) may be prepared by 
25 converting the hydroxy group in a compound of the formula (I) or (II) wherein R 1 or R l? is 
hydroxy into a tosyloxy or mesyloxy group by standard methods known in the art. For example, 
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by reacting said hydroxy compound of the formula (I) or (II) with tosyl chloride or mesyl 
chloride in the presence of a mild base such as triethylamine. 

Alternatively, a compound of the formula (III) may be prepared using similar 
processes to those used hereinabove and hereinafter for the preparation of compounds of the 
5 formulae (I) and (II). 

Compounds of the formulae (V) and (VI) are conveniently reacted together in the 
presence of a strong base such as butyl lithium, lithium hexamethyldisilazide, lithium Isfl. 
butoxide , or lithium dusopropylamide. The reaction is conveniently carried out in an inert 
solvent such as tetrahydrofuran (THF), dimethvlfoimamide fDMFY N N 1 - 
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(VB) 

5 wherein R 2 -R 4 and R 11 are as hereinabove defined. 

Many reduction methods^tabiefor the^ to an amino group are 

known in the art, for example catalytic hydrogenation and metal reductions. Suitable catalysts 
in catalytic hydrogenation include Raney nickel, platinum metal and its oxide, rhodium, 
palladium-on-charcoal and Wilkinson's catalyst RhCl (Ph 3 P) 3 . Catalytic hydrogenation is 
10 conveniently carried out in the temperature range 0°C - 150°C, but preferably at ambient 
temperature at slightly above atmospheric pressure. 

A compound of the formula (VB) is conveniently prepared by reacting together 
compounds of the formulae (VC) and (VD): 




20 



(VC) 



R 11 — N NH 



(VD) 
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wherein R 2 -R 4 and R 11 are as hereinabove defined and L 2 is a leaving group, preferably halo and 
in particular fluoro. 

The reaction between compounds of the formulae (VC) and (VD) is carried out in the 
presence of an organic or inorganic base such as sodium bicarbonate, potassium carbonate or an 
5 amine base such as diisopropylethylamine, in an inert solvent such as acetonitrile, DMF, DMPU 
or N-methylpyrroIidone, in a temperature range of 50°C - 150°C. 

Compounds of the formula (VD) may be prepared by introducing R M into a compound 
of the formula (VE): 



10 




(VE) 

wherein R 16 is a protecting group, and subsequently removing R 16 (deprotecting). Preferably 
15 R 1 6 is terr-butoxycarbonyl. 

For example, when R 11 is a substituted or unsubstituted alkyl group, the compound of 
the formula (VE) may be reacted with R n -L J wherein L 3 is a leaving group, in particular 
tosylate or halo in the presence of a strong base. Suitable bases include sodium hydroxide, 
lithium diisopropylamide, butyllithium and potassium butoxide. The reaction is usually 
20 performed in an inert solvent such as THF or DMF in a temperature range of 0°C - 100°C. 

Alternatively, when R u is alkyl substituted by an electronegative group, R n may be 
introduced into the compound of the formula (VE) by reacting it with the related alkene. The 
compound of the formula (VD) wherein R M is 2-hydroxyethyl may be prepared by heating the 
compound of the formula (VE) with ethylene oxide in the temperature range of 
25 40°C - I00°C. 

It may be synthetically simpler to prepare some compounds of the formula (VD) by 
introducing a substituent onto the unsubstituted ring nitrogen in the compound of the formula 
(VE) which could subsequently be converted into the desired R 1 '. For example, 



WO 97/27188 PCT/GB97/00169 

-20- 

2-cyanoethyl could be introduced onto the ring nitrogen, and reduced to an amino group which 
itself could be alkylated to alkylamino. 

The reaction of a compound of the formula (I) or (II) wherein R 1 or R 10 is hydroxy 
with an amide of the formula (VII) is conveniently carried out in the presence of tri-n- 
5 butylphosphine and 1,1 Xa^icarbonyl)dipiperidine in an organic solvent such as THF, and in 
the temperature range 0° - 60°C, but preferably at ambient temperature. Details of analogous 
Mitsunobu reactions are contained in Tsunoda et al, TetLetts., 14, 1639, (1993). Amides of the 
formula (VII) may be prepared by standard procedures of organic chemistry which are within 
the ordinary skill of an organic chemist. 
10 When an optically active form of a compound of the formula (I) is required, it may be 

obtained, by carrying out one of the above procedures using an optically active starting material 
or by resolution of a racemic form of the compound or intermediate using a standard procedure. 

According to a further feature of the invention there is provided a compound of the 
formula (I), or a pharmaceutically-acceptable salt thereof, for use in a method of treatment of 
15 the human or animal body by therapy. 

According to a further feature of the present invention there is provided a method for 
producing an antibacterial effect in a warm blooded animal, such as man, in need of such 
treatment, which comprises administering to said animal an effective amount of a compound of 
the present invention, or a pharmaceutically-acceptable salt thereof. 
20 The invention also provides the use of a compound of the present invention, or a 

pharmaceutically-acceptable salt thereof, in the manufacture of a novel medicament for use in 
the production of an antibacterial effect in a warm blooded animal, such as man. 

In order to use a compound of the formula (I) or a pharmaceutically-acceptable salt 
thereof for the therapeutic treatment of mammals including humans, in particular in treating 
25 infection, it is normally formulated in accordance with standard pharmaceutical practice as a 
pharmaceutical composition. 

Therefore in another aspect the present invention provides a pharmaceutical 
composition which comprises a compound of the formula (I) or a pharmaceutically-acceptable 
salt thereof and a pharmaceutically-acceptable carrier. 
30 The pharmaceutical compositions of this invention may be administered in standard 

manner for the disease condition that it is desired to treat, for example by oral, rectal or 
parenteral administration. For these purposes the compounds of this invention may be 
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formulated by means known in the art into the form of, for example, tablets, capsules, 
aqueous or oily solutions or suspensions, (lipid) emulsions, dispersible powders, 
suppositories, ointments, creams, eye drops, nasal drops and sterile injectable aqueous or 
oily solutions or suspensions. 
5 In addition to the compounds of the present invention the pharmaceutical composition 

of this invention may also contain, or be co-administered with, one or more known drugs 
selected from other clinically useful antibacterial agents (for example p-lactams or 
aminoglycosides). These may include penicillins, for example oxacillin or flucloxacillin and 
carbapenems, for example meropenem or imipenem, to broaden the therapeutic effectiveness. 
10 Compounds of this invention may also contain or be co-administered with 

bactericidal/permeability-increasing protein (BPI) or efflux pump inhibitors to improve activity 
against Gram-negative bacteria and bacteria resistant to antimicrobial agents. 

A suitable pharmaceutical composition of this invention is one suitable for oral 
administration in unit dosage form, for example a tablet or capsule which contains between 
15 lOOmgand lgofthe compound of this invention. 

In another aspect a pharmaceutical composition of the invention is one suitable for 
intravenous, subcutaneous or intramuscular injection. 

Each patient may receive, for example, a daily intravenous, subcutaneous or 
intramuscular dose of 5 mgkg-1 to 20 mgkg-1 of the compound of this invention, the 
20 composition being administered 1 to 4 times per day. The intravenous, subcutaneous and 
intramuscular dose may be given by means of a bolus injection. Alternatively the intravenous 
dose may be given by continuous infusion over a period of time. Alternatively each patient will 
receive a daily oral dose which is approximately equivalent to the daily parenteral dose, the 
composition being administered 1 to 4 times per day. 

25 

Antiharteri^ AftiYlTy 

The pharmaceutically-acceptable compounds of the present invention are useful 
antibacterial agents having a good spectrum of activity in yjim against standard Gram-positive 
organisms, which are used to screen for activity against pathogenic bacteria. Notably, the 
30 pharmaceutically-acceptable compounds of the present invention show activity against 
enterococci, pneumococci and methicillin resistant strains of S. aureus and coagulase negative 



WO 97/27188 PCT/GB97/00169 

-22- 

staphylococci. The antibacterial spectrum and potency of a particular compound may be 
determined in a standard test system. 

The antibacterial properties of the compounds of the invention may also be 
demonstrated in ma in conventional tests. No overt toxicity or other untoward effects are 
5 observed when compounds of the formula I are so tested. 

The following results were obtained on a standard in vitro test system. The activity is 
described in terms of the minimum inhibitory concentration (MIC) determined by the 
agar-dilution technique with an inoculum size of 1 0 4 CFU/spot. 

Staphylococci were tested on agar, using an inoculum of 10 4 CFU/spot and an 
JO incubation temperature of 37°C for 24 hours - standard test conditions for the expression of 
methicillin resistance. 

Streptococci and enterococci were tested on agar supplemented with 5% defibrinated 
horse blood, an inoculum of 10 4 CFU/spot and an incubation temperature of 370C in an 
atmosphere of 5% carbon dioxide for 48 hours - blood is required for the growth of some of the 
15 test organisms. 



Organism mic CugZmD 

Example t 

20 Staphylococcus aureus: 

Oxford l 

Novb. Res 2 

MRQS 2 

MRQR 4 
25 Coagulase Negative Staphylococci 

MS 0.5 

MR 1 

Streptococcus pyogenes 

C203 1 

30 Enterococcus taecalis 2 

Bacillus subtilis 1 
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Novb. Res = Novobiocin resistant 
MRQS = methicillin resistant quinolone sensitive 
MRQR = methicillin resistant quinolone resistant 
MR = methicillin resistant 

5 

The invention is now illustrated but not limited by the following Examples in 
which unless otherwise stated : 

i) evaporations were carried out by rotary evaporation in vacuo and work-up 

procedures were carried out after removal of residual solids by filtration; 
10 (ii) operations were carried out at ambient temperature, that is in the range 1 8-26°C 

and in air unless otherwise stated, or unless the skilled person would otherwise work under 
an inert atmosphere; 

(iii) column chromatography (by the flash procedure) was performed on Merck 

Kieselgel silica (Art. 9385); 

15 (iv) yields are given for illustration only and are not necessarily the maximum 

attainable; 

(v) the structures of the end-products of the formula I were confirmed by NMR and 

mass spectral techniques [proton magnetic resonance spectra were determined in D6-DMSO 
unless otherwise stated using a Varian Gemini 2000 spectrometer operating at a field 

20 strength of 300 MHz, or a Bruker AM250 spectrometer operating at a field strength of 250 
MHz; chemical shifts are reported in parts per million downfield (5 scale), using 
tetramethysilane as an internal standard when using CDC1 3 but otherwise using an internal 
signal when using D6-DMSO; and peak multiplicities are shown thus: s, singlet; d, doublet; 
dd, doublet of doublets; ddd, doublet of double doublets; t, triplet; q, quartet; dq, doublet of 

25 quartets; m, multiplet; dm, doublet of multiplets; br, broad; fast-atom bombardment (FAB) 
mass spectral data were obtained using a Platform spectrometer (supplied by Micromass) 
run in electrospray and, where appropriate, either positive ion data or negative ion data were 
collected]; 

(vi) intermediates were not generally fully characterised and purity was in general 

30 assessed by thin layer chromatographic, infra-red (IR), mass spectral (MS) or NMR 



and 
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(vii) the following abbreviations have been used:- 



DMF 


NJS-dimethylfonnamide; 


THF 


tetrahydrofuran; 


TFA 


trifluoroacetic acid; 


DMSO 


diraethylsulfoxide; 


CDC1 3 


deuterated chlorofonn; 


CI 


chemical ionization; 


DMPU 


1 ,3-dimethyl-3,4,5,6-tetrahydro-2( 1 H)-pyrimidinone 




(NJl-dimethylpropylene urea). 
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Example I 

(5R)-5-Aadome%l-3-(3-fluoro-4-{4-m^ 

(820mg) was dissolved in dry DMF (20 ml), and the solution pinged with argon. Palladium 
(10% on carbon, 164mg) was added, and the mixture stirred at ambient temperature for 2 
5 hours under hydrogen confined in a balloon. Pyridine (0.38 ml) and acetic anhydride (0.44 
ml) were added, and the mixture stirred at ambient temperature for 16 hours. The mixture 
was evaporated to dryness, and chromatographed on silica using as eluant a gradient 
increasing in polarity from 0 to 5% methanol in dichloromethane. Relevant fractions were 
combined and evaporated to give NKSSJ-tS^-fluoro^-f^methyl^-oxopiperazin-l- 
10 yI}phenyl)-2-oxooxazolidin-5-ylmethyl]acetamide (350mg). 

MS fElertr^pffly). 36 5 (MH + ). 

NMR fTPCIa lA 2.02 (s,3H); 3.03 (s,3H); 3.41 (t,2H); 3.46 (t,2H); 3.55-3.72 (m, 
15 2H); 3.76, 3.77 (s + dd, 2H + 1H); 4.06(t,lH); 4.76(m,lH); 6.17 (brt, 1H); 6.91 (t, 
1H); 7.08 (dm, 1H); 7.48(dd,lH). 

The(5R)-5-azidomemyl-3-(3-fluoro-4-{4-m^ 
one used as starting material was obtained as follows :- 

20 

l-/er/-Butoxyau*onyI-3-oxopiperazine (see Tetrahedron Lett. (1980), 21(32), 3019-20 for 
outline of synthesis, 5g) was dissolved in dry DMF (75 ml) and potassium /er/-butoxide 
(3.08g) was added. The mixture was stirred at ambient temperature for 1 hour, then 
iodomethane (3.9g) was added, and stirring continued at the same temperature for 2.5 hours. 
25 Solvent was evaporated, and the residue chromatographed on silica, using as eluant a 
gradient increasing in polarity from 0 to 100% ethyl acetate in iso-hexane. Relevant 
fractions were combined and evaporated to give l-/er/-butoxycarbonyl-4-methyl-3- 
oxopiperazine (3.92g). 

30 MS (CD; 215 (MH+). 



NMR fC-PCI^ 1.48 (s,9H); 3.01 (s,3H); 3.35 (t,2H); 3.66 (t.2H); 4.08 (s,2H). 



WO 97/27188 



-26- 



PCT/GB97/00169 



l-rm-Butoxycarbonyl-4-methyl-3-oxopiperazine (3.&7g) was dissolved in trifluoroacetic 
acid (80 ml), and the mixture stirred at ambient temperature for 2 hours. Solvent was 
evaporated to give l-methyl-2-oxopiperazine as a trifluoroacetate salt, with some excess 
5 trifluoroacetic acid. 

MS (CD: 114(MH+). 

NMRiCDCliiJL 3.11(s,3H); 3.62(t,2H); 3.72(t,2H); 4.05(s,2H). 

MAT-Diisopropylethylamine (1 1.5 ml) and l-methyl-2-oxopiperazine (4.12g) were added to 
a solution of 3,4-difluoronitrobenzene (1.82 ml) in acetonitrile (100 ml), and the mixture 
heated to reflux for 16 hours. Solvent was evaporated, and the residue chromatographed on 
silica, using as eluant a gradient increasing in polarity from 0 to 100% ethyl acetate in iso- 
15 hexane. Relevant fractions were combined and evaporated to give 3-fluoro-4-(4-inethyI-3- 
oxopiperazin-l-yl)nitrobenzene (3.37g). 

MS (CIV 254 (MH+). 

20 NMR fDMSO-rX)) 3.06 (s, 3H); 3.53 (t, 2H); 3.67 (t, 2H); 3.97 (s, 2H); 6.90 (t, 1H); 
7.95 (dd, 1H); 8.02 (m, 1H). 

3-Fluoro-4-(4-methyl-3-oxopiperazin.l-yl)nitrobenzene (3.33g) was dissolved in a mixture 
of DMF (40 ml) and methanol (10 ml), and the solution flushed with argon. Ammonium 
25 formate (4.15g) was added, and the mixture cooled to 5° C. Palladium (10% on carbon, 
104mg) was added, and the temperature allowed to rise to ambient as the mixture was 
stirred under argon for 2 hours. Solvents were evaporated to give an air sensitive product, 5- 
amino-2-(4-methyi-3-oxopiperaan-l-yl)fluorobenzene, which was used as such in the next 
stage. 



MS (CI); 224 (MH+). 
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NMRfCDCIiLSl 3.02 (s,3H); 3.27 (t,2H); 3.42 (t,2H); 3.69 (s,2H); 4.13 (brs,2H); 
6.40 (m, 1H); 6.44 (dd, 1H); 6.77 (t, 1H). 

5-Amino-2-(4-methyl-3-oxopiperazin-l-yl)fluorobenzene (2.94g) was dissolved in diy DMF 
5 (40 ml) under argon, and the solution cooled to -20°C. JV^-Dimethylaniline (2. 1 ml) was 
added, foUowed by benzyl chloroformate (2.07 ml), and the mixture stirred for 10 minutes at 
-20°C. The temperature was allowed to rise to ambient over 1 6 hours. The mixture was 
diluted with ethyl acetate, and washed twice with water, and then brine. After drying 
(MgSC>4) and evaporation of solvent, the residue was chromatographed on silica, using as 
10 eluant a gradient increasing in polarity from 0 to 5% methanol in dichloromethane. 

Relevant fractions were combined and evaporated to give 5-benzyloxycarbonyIamino-2-(4- 
methyl-3-oxopiperazin- l-yl)fluorobenzene (4.6g). 

MS (CI); 358 (MH + ). 

15 

NMR (CT)C\i XJii 2.97 (s,3H); 3.31 (t,2H); 3.41 (t,2H); 3.70 (s,2H); 5.16 (s,2H); 6.81 
(t, 1H); 6.98 (m, 2H); 7.33 (m, 6H). 

5-BenzyIoxycarbonylamino-2-(4-methyl-3-oxopiperazin-l -yl)fluorobenzene (4.5g) was 
20 dissolved in dry THF (1 00 ml) under argon and the solution cooled to -78°C. A solution of 
n-butyllithium (8.67 ml, 1.6 M in hexane) was added to this whilst keeping the temperature 
below -60°C. The mixture was stirred for 5 minutes and (/0-glycidylbutyrate (1 .86 ml) was 
added. Stirring was continued at -78°C for 30 minutes and the temperature then allowed to 
rise to ambient over 16 hours. The mixture was evaporated to dryness and then treated with 
25 dichloromethane. The mixture was filtered to give (5R)-3-(3-fluoro-4-{4-methyl-3- 
oxopiperazin-l-yl}phenyl)-5-hydroxymethyloxa2olidin-2-one (409mg). The residual 
organic solution was washed twice with water, and then brine. After drying (MgSCty and 
evaporation of solvent, the residue was chromatographed on silica, using as eluant a gradient 
increasing in polarity from 0 to 6% methanol in dichloromethane. Relevant fractions were 
30 combined and evaporated to give further (5R)-3-(3-fluoro-4-{4-methyl-3-oxopiperazin-l- 
yl}phenyl>5-hydroxymethyloxazolidin-2-one product (535mg). 
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MS (CD; 324 (MH+). 

NMR (CDCl^ ± DMSO-D6) ft 2.99 (s,3H); 3.38 (t,2H); 3.48 (t,2H); 3.67, 3.70 (m + s, 
3H); 3.82 (m, 1H); 3.94 (dd, 1H); 4.03 (t, 1H); 4.69 (m, 1H); 5.09 (t, 1H); 6.95 (t, 1H); 
5 7.14 (dd, 1H); 7.56 (dd, 1H). 

(5R)-3-(3-Fluoro-4-{4-me*yl-3-oxopii«^ 

one. (900mg) was dissolved in pyridine (20 ml), and cooled to 0°C. Triethylamine (0.5 ml) 
and methanesulfonyl chloride (0.24 ml) were added, and stirring continued at 5°C for 2 
10 hours. Solvent was evaporated, and the residue chromatographed on silica, using as eluant a 
gradient increasing in polarity from 0 to 3% methanol in dichloromethane. Relevant 
fractions were combined and evaporated to give (5R)-3-(3-fluoro-4-{4-methyl-3- 
oxopiperazm-l-yl}phenyl)-5-(metlianesulfonyloxymethyl)oxazolidin-2-one(990mg). 

15 MS rEW-trngpray)- 402 (MH+). 

NMR(CDni )_5: 3.04 (s,3H); 3.11 (s,3H); 3.42(dt,4H); 3.77 (s,2H); 3.93 (ddJH); 
4.13 (t, 1H); 4.48 (dq, 2H); 4.92 (m, 1H); 6.92 (t, 1H); 7.1 1 (dd, 1H); 7.50 (dd, 1H). 

20 Sodium azide (924mg) was added to a solution of (5R)-3-(3-fluoro-4-{4-methyl-3- 

oxopiperazin-l-yl}phenyl>5-(methanesulfonyloxymethyl)oxazolidin-2-one (950mg) in dry 
DMF (50 ml), and the mixture heated at 75°C for 2 hours. The mixture was diluted with 
ethyl acetate and washed with three portions of water. The aqueous layer was then back- 
extracted with two portions of ethyl acetate, and the combined organic extracts dried over 

25 MgSC>4. Evaporation gave (5R>5-azidomethyl-3-(3-fluoro-4-{4-methyl-3-oxopiperazin-l- 
yl}phenyl)oxazolidin-2-one product which was used without further purification. 

MS (CI); 402 (MH+). 



30 NMR (CDCI^XjS: 3.03 (s, 3H); 3.42 (dm, 4H); 3.59 (dd, 1H); 3.71 (dd, 1H); 3.77 (s, 
2H); 3.83 (dd, 1H); 4.06 (t, 1H); 4.80 (m, 1H); 6.91 (t, 1H); 7.12 (dm, 1H); 7.51 (dd, 
1H). 
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Eampk 2 

(5R)-5-Azidomethyl-3-(3-fluoro-4 : {4-e%]-3-oxopiperazin-l-yl}pheny])oxazolidin-2-one 
(750mg) was dissolved in a mixture of DMF (5 ml) and ethyl acetate (10 ml), and the 
solution purged with argon. Palladium (10% on carbon, 150mg) was added, followed by 
5 acetic anhydride (0.4 ml) and the mixture stirred at ambient temperature under hydrogen 
confined in a balloon for 2 hours. The mixture was filtered through celite, evaporated to 
dryness, and chromatographed on silica, using as eluant a gradient increasing in polarity 
from 0 to 10% methanol in dichloromethane. Relevant fractions were combined and 
evaporated, and the residue purified by crystallisation from acetonitrile to give N-(5S)-[3-(3- 
10 fluoro-4-{4-efoyl-3-oxopiperazin-l-yl}pte 
(145mg). 

MS rElectT™ r TT,yV 379 (MH + ). 

»S NMRfPMSP-Pf)) 1.06 (t,3H); 1.83 (s,3H); 3.25-3.45 (overlapping m, 8H); 3.59 (s, 
2H); 3.70 (dd, 1H); 4.17 (t, IH); 4.70 (m, 1H); 7.17 (t, 1H); 7.35 (dd, 1H); 7.51 (dd, 
1H); 8.19(brt,lH). 

The(5R)-5-aadomemyl-3-(3-fluoro-4-{4-emyI-3-oxopiperazin-l-yl}phenyl)oxazolidin-2- 
20 one used as starting material was prepared as follows :- 

l-/err-Butoxycarbonyl-3-oxopiperazine (7.5g) was dissolved in dry DMF (250 ml) and 
potassium /erMwtoxide (8.4g) was added. The mixture was stirred at ambient temperature 
for 30 minutes, then iodoethane (3.3 ml) added, and stirring continued at the same 

25 temperature for 24 hours. A further equal portion of iodoethane was added and stirring 
continued for 24 hours. Solvent was evaporated, and the residue partitioned between ethyl 
acetate and water. The organic layer was washed with water, evaporated, and purified by 
chromatography on silica, using as eluant a gradient increasing in polarity from 0 to 25% 
isopropanol in iso-hexane. Relevant fractions were combined and evaporated to give Uerh 

30 butoxycarbonyl-4-ethyl-3-oxopiperazine (6.0g). 



MS (C1Y 229 (MH+). 
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NMRfClXljlJfc M6(t,3H); 1.47 (s,9H); 3.34 (t,2H); 3.46 (q,2H); 3.64 (t,2H); 4.06 
(s,2H). 

5 l-/m-Butoxycarbonyl-4-ethyl-3-oxopiperaziiie (5.9g) was dissolved in dichloromethane 
(100 ml), cooled in an ice-bath, and trifluoroacetic acid (145 ml) added. The mixture was 
stirred at the same temperature for 2 hours. Solvent was evaporated to yield l-ethyl-2- 
oxopiperazine 

product as a salt with 3 moles of trifluoroacetic acid. 

10 

MS (CI); 129 (MH+). 

NMR f PMSO-Dfi ± CP3CQ2ffi-£; K09(t,3H); 3.41, 3.45 (q + t,4H); 3.54 (t,2H); 3.76 
(s,2H). 

l-Ethyl-2-oxopiperazine (3TFA salt, 10.5 g) was dissolved in acetonitrile (200 ml), and 
A^diisopropylethylamine (19.5 ml) followed by 3,4-difluoronitrobenzene (2.25 ml) were 
added. The mixture was heated to reflux for 18 hours. Solvent was evaporated, and the 
residue chromatographed on silica using as eluant a gradient increasing in polarity from 0 to 
20 4% methanol in dichloromethane. Relevant fractions were combined and evaporated to give 
a solid containing some TV^-diisopropylethylamine trifluoroacetate. The solid was purified 
by dissolving in ethyl acetate and washing well with water. Evaporation of the organic layer 
gave 3-fluom-4-(4-ethyl-3-oxopiperazin-l-yl)nitroben2ene as a solid (3.44g). 

25 MS (CI); 268 (MH+). 

IMBiCDCllU; 1.21 (t,3H); 3.50, 3.52 (q + 1, 4H); 3.64 (t,2H); 3.96 (s,2H); 6.88 (t, 
1H); 7.95 (dd, 1H); 8.02 (dd, 1H). 

30 3-Fluoro-4-(4-ethyl-3-oxopiperazin-l-yl)nitrobenzene (3.4 g) was dissolved in ethyl acetate 
(200 ml) and the solution flushed with argon. Palladium (10% on carbon, 1 80 mg) was 
added, and the mixture hydrogenated under ambient pressure. After gas uptake had ceased, 



WO 97/27188 PCT/GB97/00169 

-31 - 

the mixture was filtered through celite and solvent evaporated to give 5-amino-2-(4-ethyl-3- 
oxopiperazin-l-yl)iluorobenzene, which was used without further purification. 

MS rElectm^y)- 238 (MH + ). 

5 

NMRfCnrij jLfii 1.17 <t,3H); 3.25 (t,2H); 3.41 (t,2H); 3.48 (q,2H); 3.61 (brs,2H); 
3.66 (s, 2H); 6.38 (dd, 1H); 6.42 (dd, 1H); 6.77 (t, 1H). 

5-Amino-2-(4-ethyl-3-oxopiperazin-l-yl)fluoroben2ene (2.95 g) was dissolved in dry 
10 dichloromethane (50 ml) under argon. Pyridine (1.26 ml) was added, and the mixture 
cooled to -20°C. Benzyl chloroformate (1 .95 ml) was added, and the mixture stirred for 10 
minutes at -20°C, before allowing the temperature to rise to ambient over 1.5 hours. 
Solvents were evaporated, the residue dissolved in dichloromethane and washed with 
sodium bicarbonate solution. After drying (MgS0 4 ) and evaporation of solvent, the residue 
15 was chromatographed on silica, using as eluant a gradient increasing in polarity from 0 to 
4% methanol in dichloromethane. Relevant fractions were combined and evaporated to give 
5-benzyloxycarbonylamino-2-(4-ethyl-3-oxopiperazin-l -yl)fluorobenzene (3.3g). 

MS (Electrpfipffly),- 372 (MH+). 

20 

NMRfCOTIl )_S: 1.18 (t,3H); 3.33 (t,2H); 3.45 (t,2H); 3.50 (q,2H); 3.72 (s,2H); 5.20 
(s,2H);6.76(brs,lH); 6.82 (t, 1H); 6.96(dd,lH); 7.40 (m,6H). 

5-Beiizyloxycarbonylamino-2-(4-ew^ (3,25 g) ^ 

25 dissolved in dry THF (100 ml) under argon. The solution was cooled to -78°C, and treated 
with a solution of /i-butyfflthium (1.6 M in hexane, 6.02 ml), keeping the temperature below 
-60°C. l,3-Dimethyl-3,4^,6-tetrahydro-2(lH)-pyrimidone (DMPU, 10 ml) was added to 
the resulting mixture to facilitate stirring, and (R>glycidylbutyrate (1 .29 ml) added. Stirring 
was continued at -78°C for 30 minutes, before allowing the temperature to rise to ambient 
30 over 16 hours. Sodium bicarbonate solution (50 ml) was added, followed by sufficient ethyl 
acetate to form two layers. The organic layer was separated, washed twice with water, dried 
(MgSC>4) and evaporated. The residue was chromatographed on silica, using as eluant a 
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gradient increasing in polarity from 0 to 6% methanol in dichloromethane. Relevant 
fractions were combined and evaporated to give (5R)-3-(3-fluoro-4- {4-ethyl-3- 
oxopiperazin-1 -yl}phenyl)-5-hydroxymethyloxazolidin-2-one (990mg). 

5 MS fElectrnspravV 338 (MH + ). 

NMR (TMS0-P6) 1.08 (t, 3H); 328-3.41 (overlapping m, 6H); 3.59 (s + ddd, 3H); 
3.66 (ddd, 1H); 3.80(dd,lH); 4.05 (t,lH); 4.67 (m, 1H); 5.16 (t,lH); 7.05 (t, 1H); 7.22 
(dd, 1H); 7.55 (dd, 1H). 

10 

(5R)-3-(3-Fluoro^{4-emyI-3-oxopipei^-l-yl}phenyl)-5-hydroxymethyloxa2olidin-2- 
one. (830 mg) was dissolved in pyridine (20 ml), and cooled to 0°C. Triethylamine (0.41 
ml) and methanesulfonyl chloride (0.21 ml) were added, and stirring continued at ambient 
temperature for 2 hours. Solvent was evaporated and the residue dissolved in ethyl acetate. 
15 The resulting solution was washed with water, dried (MgSC>4), and evaporated to give (5R)- 
3-(3-fluoro-4-{4-eAyl-3-oxopiperazm-l-yl}phenyl^^ 
oxazolidin-2-one (1 .0g) which was used without further purification. 

MS (ElectmspravV 416 (MH+). 

20 

NMR (COClaJL^ 1.20 (t3H); 3.11 (s,3H); 3.30-3.55 (m, 6H); 3.78 (s,2H); 3.94 (dd, 
1H); 4.14 (t,lH); 4.46(dq,2H); 4.93 (m,lH); 6.92 (t, 1H); 7.11 (dd, 1H); 7.49 (dd, 
1H). 

25 (5RW3-FlTOro-4-{4-ethyl-3-oxompei^ 

oxazolidin-2-one (950 mg) was dissolved in dry DMF (30 ml) and sodium azide (893 mg) 
was added. The mixture was heated at 80°C for 5 hours, and then evaporated to dryness. 
The residue was dissolved in ethyl acetate and the resulting solution washed with water and 
dried (MgSC>4). Th e crude product so obtained was chromatographed on silica, using as 

30 eluant a gradient increasing in polarity from 0 to 6% methanol in dichloromethane. 

Relevant fractions were combined and evaporated to give (5R)-5-azidomethyl-3-(3-fluoro-4- 
{4-ethyl-3-oxopiperazin-l-yl}phenyl)oxazolidin-2-one (777mg). 
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MS rRWtmQprav)- 363 (MH+). 

NMKXCDCl^ 1.20 (t,3H); 3.38 (m,2H); 3.45 (m,2H); 3.50 (q,2H); 3.58(dd,lH); 
5 3.71 (dd, 1H); 3.78 (s,2H); 3.83 (dd, 1H); 4.06 (t, 1H); 4.79 (m, 1H); 6.91 (t, 1H); 7.11 
(dm, 1H); 7.52 (dd, 1H). 

Example 3 

(5R>5-Azidomethyl-3-(3-fluoro-4-{4-(2-methoxyethyl)-3-oxopipera2in-l- 
10 yl}phenyl)oxa2olidin-2-one (750mg) was dissolved in ethyl acetate (15 ml), and the solution 
purged with argon. Palladium (10% on carbon, 150mg) was added, followed by acetic 
anhydride (0.36 ml) and the mixture stirred at ambient temperature under hydrogen confined 
in a balloon for 2 hours. The mixture was filtered through celite, evaporated to dryness, and 
chromatographed on silica, using as eluant a gradient increasing in polarity from 0 to 5% 
15 methanol in dichloromethane. Relevant fractions were combined and evaporated, to give N- 

(5S^[3-(3-fluoro-4-{4-(2-n 1 emoxye%l)-3-oxopiperazin-l-yl}phenyl)-2-oxooxa2olia^ 
ylmethyl]acetamide (228mg). 

MS ffil«*m T »,yy 409 (MH+). 

20 

NMRfaX33 3L& 2.03 (s,3H); 3.35 (s + 1, 5H); 3.63 (s + overlapping m, 8H); 3.77 (s + 
overlapping m,3H); 4.03 (t, 1H); 4.77 (m,lH); 6.14 (brt, 1H); 6.90 (UH); 7.08 (dm, 
1H); 7.47(dd,lH). 

25 The (5R>5-azidomemyl-3-(3-fluoro^{4-(2.memoxyemylH^xopipera2m.l- 
yl}phenyl)oxazolidin-2-one used as starting material was prepared as follows 

l-/er/-Butoxycarbonyl-3-oxopiperazine (7.5g) was dissolved in dry DMF (250 ml) and 
potassium ter/-butoxide (8.4g) was added. The mixture was stirred at ambient temperature 
30 for 30 minutes, then l-bromo-2-methoxyethane (3.9 ml) added, and stirring continued at the 
same temperature for 24 hours. A further equal portion of l-bromo-2-methoxyethane was 
added and stirring continued for 24 hours. Solvent was evaporated, and the residue 
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partitioned between ethyl acetate and water. The organic layer was washed with water and 
evaporated to give thel-/er/-butoxycaibonyl«4-(2-methoxyethyi)0<)xopiperazine (6.7g) 
which was used without further purification. 

5 MS reiectrospravV 259 (MH + ). 

NMRtCDCll U: 1.45(s,9H); 3.36 (s,3H); 3.48 (t,2H); 3.65 (m,4H); 3.65 <t,2H); 
4.10 (s,2H). 

10 N/m-Butoxyc^bonyJ^2-methoxyethyI)-3-oxopiperazine (6.6g) was dissolved in 
dichloromethane (100 ml), the resulting solution cooled in an ice-bath, and trifluoroacetic 
acid (145 ml) added. The mixture was stirred at the same temperature for 2 hours. Solvent 
was evaporated to yield H2-methoxyethyl)-2-oxopiperazine product as a salt with 4 moles 
of trifluoroacetic acid. 

15 

MS (CD; 159 (MH+). 

NMR f PMSOPfr ± CPi^HIjS: 3.30 (s,3H); 3.43 (t,2H); 3.54 (m,4H); 3.64 (t,2H); 
3.78 (s,2H). 

20 

l-(2-Methoxyethyl)-2-oxopiperazine (4TFA salt, 13.5g) was dissolved in acetonitrile (200 
ml), and 7/^V-diisopropylethylamine (22.6 ml) followed by 3,4-difluoronitrobenzene (2.2 
ml) were added. The mixture was heated to reflux for 18 hours. Solvent was evaporated, 
and the residue chromatographed on silica, using as eluant a gradient increasing in polarity 
25 from 0 to 4% methanol in dichloromethane. Relevant fractions were combined and 

evaporated to give a solid containing some A^AT-diisopropylethylamine trifluoroacetate. The 
solid was purified by dissolving in ethyl acetate and washing well with water. Evaporation 
of the organic layer gave 3-fluon>-4-(4-{2'methoxye%l}-3-oxopiperazin-l-yl)nitrobenzene 
as a solid (4.07g). 



MS (CI); 298 (MH + ). 
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NMR (CDCI^ 3.31 (s,3H); 3.63 (m,6H); 4.00 (s,2H); 6.89 (t, 1H); 7.95 (dd, IH); 
8.02 (dm, 1H). 



3-Fluoro-4-(4-{2-methoxyethyl}-3-oxopiperazin-l-yl)nitrobenzene (4g) was dissolved in a 
5 mixture of ethyl acetate (200 ml) and DMF (5 ml), and the solution flushed with argon. 
Palladium (10% on carbon, 200mg) was added, and the mixture hydrogenated under 
ambient pressure. After gas uptake had ceased, the mixture was filtered through celite and 
solvent was evaporated to give 5-amino-2-(4-{2-methoxyethyl}-3-oxopiperazin-l- 
yOfluorobenzene which was used without further purification. 

10 

MS ffilectmspray)- 268 (MH + ). 

NMR f CDCIj lJk 3.25 (t,2H); 3.36 (s,3H); 3.55(t,2H); 3.61 (s,4H); 3.64 (brs, 2H); 
3.70 (s, 2H); 6.40 (dd, 1H); 6.44 (dd, 1H); 6.77 (t, 1H). 

15 

5-Amino-2-(4-{2-methoxyethyl}-3-oxopiperazin-l-yl)fluorobenzene (3.5g) was dissolved in 
dry dichloromethane (50 ml) under argon. Pyridine (1 .33 ml) was added, and the mixture 
cooled to -20°C. Benzyl chloroformate (2.06 ml) was added, and the mixture stirred for 1 0 
minutes at -20°C, before allowing the temperature to rise to ambient over 1 .5 hours. 

20 Solvents were evaporated, the residue dissolved in dichloromethane and washed with 
sodium bicarbonate solution. After drying (MgS0 4 ) and evaporation of solvent, the residue 
was chromatographed on silica, using as eluant a gradient increasing in polarity from 0 to 
4% methanol in dichloromethane. Relevant fractions were combined and evaporated to give 
5-benzyloxycaroonylaniino-2-(4-{2-meto 

25 (3.28g). 

MS fF.lerfmspn.vV 402 (MH+). 



NMR (CDCla U: 3.32 (t,2H); 3.34 (s,3H); 3.56 (t,2H); 3.62 (s,4H); 3.75 (s,2H); 5.19 
30 (s, 2H); 6.82 (t, 1H); 6.84 (s, 1H); 6.97 (dd, 1H); 7.35 (m, 6H). 
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5-Benzyloxycai*onylammo-2-(4-{2-memoxye%^ 

(3.2g) was dissolved in dry THF (100 ml) under argon, cooled to -78°C, and treated with a 
solution of n-butyllithium (1.6M in hexane, 5.5 ml), keeping the temperature below -60°C. 
l,3-Dimethyl-3,4,5,6-tetrahydro-2(lH)-pyrimidone (DMPU, 10 ml) was added to the 
5 resulting 

mixture to facilitate stirring and (R)-glycidylbutyrate (0.93 ml) was added. The mixture was 
stirred at -78°C for 30 minutes, before allowing the temperature to rise to ambient over 16 
hours. Sodium bicarbonate solution (50 ml) was added, and the whole evaporated to 
dryness. Organic materials were dissolved from the residue using dichloromethane, and 
10 purified by chromatography on silica using as eluant a gradient increasing in polarity from 0 
to 10% methanol in dichloromethane. Relevant fractions were combined and evaporated to 
give (5R)-3-(3-fiuoro-4-{4-(2-methoxyethy l)-3-oxopiperazin- ] -yl }phenyl)-5-hydroxy- 
methyloxazolidin-2-one (1.14g). 

15 MS ( RlectmspravV 368 (MH + ). 

NMR fDMSPPfi) fr 3.27(s + m,5H); 3.50 (t,2H); 3.53 (m,4H); 3.60 (m,lH); 3.66 (s, 
2H); 3.71 (m, 1H); 3.83 (dd, 1H); 4.08 (t, 1H); 4.71 (m, IH); 5.20 (t, 1H); 7.09 (t, 1H); 
7.24 (dd, 1H); 7.57 (dd, 1H). 

20 

(5R)-3-(3-Fluoro-4-{4-(2-metooxye%l)-3-ox^ 

oxazoIidin-2-one (l.Og) was dissolved in pyridine (25 ml), and cooled to 0°C. 
Triethylamine (0.46 ml) and methanesulfonyl chloride (0.23 ml) were added, and stirring 
continued at ambient temperature for 2 hours. Solvent was evaporated and the residue 
25 dissolved in ethyl acetate, washed with water, dried (MgSC>4), and evaporated to give (5R> 
3-(3-fiuoro-4-{4-(2-memoxyemyl>3-oxopipei^in-l-yl}phenyl)-5-(methanesuIfonyl- 
oxymethyl)oxazolidin-2-one (l.Olg) which was used without further purification. 



MSfP.WwtimpB.yV 446 (MH+). 

30 
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NMR(CDC I a )-S: 3.11 (s,3H); 3.36 (s,3H); 3.37 (t,2H); 3.58 (t,2H); 3.63 (m,4H); 
3.80 (s, 2H); 3.93 (dd, 1H); 4.13 (t, 1H); 4.43 (dd, 1H); 4.50 (dd, 1H); 4.92 (m. 1H); 
6.92 (t, 1H); 7.11 (dm, 1H); 7.48 (dd, 1H). 

5 (5R>3-(3-Fluoro-4-{4-(2-methoxyethyI)-3-oxopiperazin-l-yl}phenyl)-5-(methanesulfonyl- 
oxymethyl)oxazolidin-2-one (990mg) was dissolved in dry DMF (30 ml), sodium azide 
(868mg) was added, and the mixture heated at 80°C for 4 hours. The mixture was 
evaporated to dryness, and the residue dissolved in ethyl acetate and washed with three 
portions of water. The aqueous layer was back-extracted with two portions of ethyl acetate, 
10 and the combined organic extracts dried over MgSCty. Evaporation gave (5R)-5- 

azidomemyl-3-(3-fluoro^-{4-(2-memoxyemyI>3-oxopiperazm-l-yl}phenyl)oxa2olidin-2- 
one (770mg) which was used without further purification. 

MS fElectrnspravV 393 (MH+). 

15 

NM I UCDCI3 I& 3.36 (s,3H); 3.37 (t,2H); 3.62 (overlapping m, 7H); 3.71 (dd, 1H); 
3.78 (s,2H); 3.83 (dd, 1H); 4.06 (t,lH); 4.78 (m,lH); 6.91 (t, 1H); 7.12 (dm, 1H); 7.49 
(dd, 1H). 

20 Example 4 

(5R)-5-Azidomethyl-3-(3-fluoro-4-{4-(2-fluoroethyl)-3-oxopiperazin-l- 
yI}phenyl)oxazolidin-2-one (360mg) was dissolved in dry DMF (20ml), and the solution 
purged with argon. Palladium (10% on carbon, 72mg) was added, followed by acetic 
anhydride (0.17 ml) and the mixture stirred at ambient temperature under hydrogen confined 

25 in a balloon for 3 hours. The mixture was filtered through celite, evaporated to dryness, and 
partitioned between ethyl acetate and water. The organic extract was washed with brine, 
dried (MgSC>4), and evaporated. The residue was chromatographed on silica, using as 
eluant a gradient increasing in polarity from 0 to 2.5% methanol in dichloromethane. 
Relevant fractions were combined and evaporated, to give N-(5S)-[3-(3-fluoro-4-{4-(2- 

30 fluoroe%l>3-oxopiperazin-l-yl}phenyl)-2-oxooxazolidm-5-ylme%l]aceta^ 



MS fElectmspnwV 397 (MH + ). 



WO 97/27188 



-38- 



PCT/GB97/00169 



NMR (CDCl^ 2.02 (s, 3H); 3.38 (t, 2H); 3.61 (t + overlapping m, 3H); 3.70 
(overlapping m, 3H); 3.81 (s + overlapping m, 3H); 4.03 (t, 1H); 4.58 (t, 1H); 4.75 (t, 
1H); 4.80 (m, 1H); 6.19 (brt, 1H); 6.91 (t, 1H); 7.09 (dm, 1H); 7.51 (dd, 1H). 

5 

The (5R>5-a2idomethyl-3-(3-fluoro-4-{4-(2-fluoroethy])-3-oxopiperazin-l - 
yl}phenyl)oxazolidin-2-one used as starting material was prepared as follows :- 

l-fer/-Butoxycarbonyl-3-oxopiperazine (21.6g) was dissolved in dry DMF (500 ml) and 
10 potassium ter/-butoxide (24.2g) was added. The mixture was stirred at ambient temperature 
for 30 minutes, then l-(4-methylphenylsulfonyloxy)-2-fluoroethane (see J.Med.Chem. 
(1980), 23(9), 985-90 for outline of synthesis, 25.9g) added, and stirring continued at the 
same temperature for 24 hours. Solvent was evaporated, and the residue partitioned 
between ethyl acetate and water. The organic layer was washed with water and evaporated. 
15 The residue was dissolved in isopropanol and diluted with iso-hexane, precipitating 
unchanged piperazinone starting material, which was removed by filtration. The solution 
was chromatographed on silica, using as eluant a gradient increasing in polarity from 0 to 
50% isopropanol in iso-hexane. Relevant fractions were combined and evaporated to give 
l-/«-/-butoxycarbonyl-4-(2-fluoroethyl)-3-oxopiperazine (6.74g). 

20 

MS (CAY. 247 (MH+). 

NMRiCDCliLfc 1.49 (s,9H); 3.50 (t,2H); 3.66 (overlapping m, 3H); 3.77 (t, 1H); 4.11 
(s,2H); 4.53 (t, 1H); 4.72 (t, 1H). 

25 

l^Bmoxycarbonyl-4<2-fluoroethyl)-3-oxopiperazine (6.65g) was dissolved in 
dichloromethane (500 ml), cooled in an ice-bath, and trifluoroacetic acid (150 ml) added. 
The mixture was stirred at the same temperature for 2 hours. Solvent was evaporated to 
yield crude product, which was dissolved in the minimum volume of ethyl acetate. Slow 
30 addition of diethyl ether caused precipitation of K2-fluoroethyl)-2-oxopiperazine product 
as the mono trifluoroacetic acid salt (6.19g). 
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NMR (PMSO-P6 ± CPlCQ2H)-^ 3 44 (*» 2 H); 3.63 (t overlapping m, 3H); 3.76 (t, 1H); 
3.81 (s,2H); 4.50 (t, 1H); 4.69 (t, 1H). 

5 

l-(2-Fluoroethyl)-2-oxopiperazine trifluoroacetate (6.1g) was dissolved in acetonitrile (100 
ml). iVJV-Diisopropylethylamine (13 ml) was added to the mixture, followed by 3,4- 
difluoronitrobenzene (3.39g), and the mixture heated to reflux for 18 hours. Solvent was 
evaporated, and the residue chromatographed on silica, using as eluant a gradient increasing 
0 in polarity from 0 to 4% methanol in dichloromethane. Relevant fractions were combined 
and evaporated to give 3-fluoro-4-<4-{2-fluoroethyl}-3-oxopiperazin-l-yl)nitrobenzene 
product as a solid (4.4g). 

MS fEWtmoprpvy 286 (MH + ). 



NMR (CPClj) 3.67 (s,4H); 3.72 (t, 1H); 3.83 (t, 1H); 4.02 (s,2H); 4.58 (t, 1H); 4.76 
(t, 1H); 6.91 (t, 1H); 7.96 (dd, 1H); 8.02 (dm, 1H). 

3-Fluoro-4-(4-{2-fluoroethyl}-3-oxopiperazin-I-yl)nitrobeiizene (4.35g) was dissolved in a 
20 mixture of ethyl acetate (250 ml) and DMF (5 ml), and the solution flushed with argon. 
Palladium (10% on carbon, 200mg) was added, and the mixture hydrogenated under 
ambient pressure. After gas uptake had ceased, the mixture was filtered through celite and 
solvent evaporated. The residue was taken up in ethyl acetate, washed twice with water, 
dried (MgS0 4 ), and evaporated, to give 5-aniii»-2-(4-{2-fluoroe*yI}-3-oxopiperazin-l. 
25 yI)fluorobenzerie product,which was used without further purification. 

MS fF.W.tmgpravV ?M 



15 



MMBiCDClj)_S: 3.28 (t, 2H); 3. 58 (t, 2H); 3.61 (br s, 2H); 3.68 (t,lH); 3.72 (s,2H); 
30 3.80 (t, 1H); 4.56 (t, 1H); 4.75 (t, 1H); 6.40 (dd, 1H); 6.44 (dd, 1H); 6.78 (t, 1H). 



WO 97/27188 



-40- 



PCT/GB97/D0169 



5-Amino-2-(4-{2-fluoroethyl}0-oxopipei^ (2.6g) was dissolved in 

dry dichloromcthane (50 ml) under argon. Pyridine (1.03 ml) was added, and the mixture 
cooled to -20°C. Benzyl chloroformate (1.6 ml) was added, and the mixture stirred for 10 
minutes at -20°C, before allowing the temperature to rise to ambient over 1.5 hours. 
5 Solvents were evaporated, the residue dissolved in dichloromethane and washed with 
sodium bicarbonate solution. After drying (MgS0 4 ) and evaporation of solvent, the residue 
was chromatographed on silica, using as eluant a gradient increasing in polarity from 0 to 
5% methanol in dichloromethane. Relevant fractions were combined and evaporated to give 
5-benzyloxycarbonylamino-2-(4-{2-fluoroethyl}-3-oxopiperazin-l-yl)fl 
10 (3.43g). 

MS (FJectrnspravV 390 (MH+). 

NMR fCDCli) ft 3.35 (t,2H); 3.58(t,2H); 3.67 (t, 1H); 3.76 (s,2H); 3.78 (t, 1H); 4.55 
15 (t, 1H); 4.75 (t, 1H); 5.20 (s,2H); 6.71 (brs, IH); 6.85 (t, 1H); 6.99 (dd, 1H); 7.37 (m, 
6H). 

A solution of lithium terf-butoxide was prepared by addition of /?-butyllithium (1 .6 M in 
hexane, 2.9 ml) to a stirred solution of ter/-butanol (0.43g) in anhydrous THF (10 ml) at 

20 -1 0°C under argon. After cooling to -70°C, a solution of 5-benzyloxycarbonylamino-2-(4- 
{2-fluoroethyl }-3-oxopiperazin- 1 -yl)fluorobenzene (1.5g) in dry THF (1 5 ml) was added. 
After 10 minutes, (R)-glycidylbutyrate (0.67g) in dry THF (15 ml) was added to the 
resulting mixture, and stirring continued at -70°C for 15 minutes, before allowing the 
temperature to rise to ambient over 16 hours. Methanol (10 ml) was added, followed by 

25 saturated sodium bicarbonate solution (20 ml) and water (10 ml). The organics were 

extracted into ethyl acetate (3 x 25 ml), washed with brine and dried (MgS0 4 ). Solvent was 
evaporated and the residue purified by chromatography on silica, using as eluant a gradient 
increasing in polarity from 0 to 3% methanol in dichloromethane. Relevant fractions were 
combined and evaporated to give (5R)-3-(3-fluoro-4-{4-(2-fluoroethyI)-3-oxopiperazin-l- 

30 yl}phenyl)-5-hydroxymethyloxazoHdin-2-one (1.07g). 



MS (Elgctrosnray); 356 (MH+). 
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NMR <T>MSO-P6) fi- 3.32 (t, 2H); 3. 50 (t, 2H); 3.66, 3.55-3.70 (s overlapping m, 5H); 
3.63 (tJH); 3.78(dd,lH); 4.05 (t,lH); 4.49 (t,lH); 4.68 (t + m, 2H); 5.17 (t, 1H); 7.07 
(t, 1H); 7.22 (dd, 1H); 7.55 (dd, 1H). 

5 

(5R)-3-(3-Fluoro-4-{4-(2-fluoroethyl)-3-oxopiperazin-l-yl}phenyl)-5-hydroxyinethyl- 
oxazolidin-2-one (0.8g) was dissolved in pyridine (15 ml), and the mixture cooled to 0°C. 
Triethylamine (0.38 ml) and methanesulfonyl chloride (0.19 ml) were added to the mixture, 
and stirring continued at ambient temperature for 2 hours. Solvent was evaporated and the 
10 residue dissolved in dichloromethane, washed with water, brine, dried (MgS0 4 ), and 
evaporated. The resulting residue was triturated with diethyl ether to give (5R)-3-(3-fluoro- 
4-{4^2-fluoroemyl)-3-oxopiperazin-l-yl}phenyl>5-(methanesulfonyloxymethyl)- 
oxazolidin-2-one (0.76g) which was used without further purification. 

15 MS rEWfrnopravV 432 (MH + ). 

MMBiCDCljUl 3.12 (s,3H); 3.41 (t,2H); 3.62 (t,2H); 3.71 (t, 1H); 3.79 (t, 1H); 3.81 
(s, 2H); 3.94 (dd, 1H); 4.15 (t, 1H); 4.43 (dd, 1H); 4.51 (dd, 1H); 4.59 (t, 1H); 4.75 (t. 
1H); 4.95 (m, 1H); 6.93 (t, 1H); 7.11 (dm, 1H); 7.50 (dd, 1H). 

20 

(5R)-3<3-Fluoro-4-{4-(2-fluoroe*yl)-3^^ 

oxymethyl)oxazolidin-2-one (719mg) was dissolved in dry DMF (15 ml), and sodium azide 
(647mg) added to the mixture. The mixture was heated at 80°C for 6 hours, and then 
evaporated to dryness. The resulting residue was dissolved in ethyl acetate, washed twice 
25 with water, and dried (MgS0 4 ). Evaporation gave (5R)-5-azidomethyl-3-(3-fluoro-4-(4-(2- 
fluoroethyl)-3-oxopiperazin-l-yl)phenyl)oxazolidin-2-one (413mg) which was used without 
further purification. 



MS ffilprfmcpray). 3gl (MH + ). 
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NMR (COClaX-S; 3.39 (t, 2H); 3.61 (t overlapping m, 3H); 3.75 (m, 2H); 3.80 (s 
overlapping m, 3H); 3.83 (dd, 1H); 4.06 (t, 1H); 4.58 (t, 1H); 4.74 (t, 1H); 4.79 (m, 1H); 
6.92 (t, 1H); 7.13 (dm, 1H); 7.51 (dd, 1H). 

5 Example S 

The following illustrate representative pharmaceutical dosage forms containing the 
compound of formula I, or a pharraaceutically-acceptable salt thereof (hereafter compound 
X), for therapeutic or prophylactic use in humans: 



10 (a) lahkLi mg/tablet 

Compound X 100 

Lactose Ph.Eur 179 

Croscarmellose sodium 12 

Polyvinylpyrrolidone 6 

15 Magnesium stearate 3 

(b) Tablet II mg/tablet 

Compound X 50 

Lactose PhJEur. 229 

20 Croscarmellose sodium 12 

Polyvinylpyrrolidone 6 

Magnesium stearate 3 

(c) lahkLHI mg/tahlet 
25 Compound X l 

Lactose Ph.Eur. 92 

Croscarmellose sodium 4 

Polyvinylpyrrolidone 2 

Magnesium stearate i 



30 
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10 



(d) Capsuk mg/oapsuk 

Compounds , \q 

Lactose Ph.Eur 359 

Croscarmellose sodium 100 

Magnesium stearate j 

(e) Injection I rsomg/mn 

Compound X 5 0% w/v 

Isotonic aqueous solution to 100% 



Buffers, pharmaceutically-acceptable cosolvents such as polyethylene glycol, polypropylene 
glycol, glycerol or ethanol or complexing agents such as hydroxy-propyl p cyclodextrin may 
be used to aid formulation. 

15 

Note 

The above formulations may be obtained by conventional procedures well known in the 
pharmaceutical art. The tablets (a)-(c) may be enteric coated by conventional means, for 
example to provide a coating of cellulose acetate phthalate. 

20 
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CLAIMS 

1. A compound of the formula (I): 



°v R 2 o 



R 4/ r3 




wherein: 



R is of the formula -NHC(=0)(l-4C)alkyl, -NHS(0)„(l-4C)alkyl wherein n is 0, 1 or 2 or 
!0 R 1 is hydroxy; 

R 2 and R 3 are independently hydrogen or fluoro; 
R is hydrogen, methyl, ethyl or oxo; 

R 5 is hydrogen, (l-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl or of the formula R*(CHj) m - 

wherein either m is 1-4 and R 6 is trifluoromethyl, difluoromethyl, fluoromethyl, 
15 (MC)alkoxy, (MC)alkyl S(0) p - wherein p is 0, 1 or 2, (l-6C)alkanoyloxy, 

di-(N-(l-4C)alkyl)amino, N-((l-4QalkylXl-4C)alkanoylamino, cyano, carboxy, 

(l-4C)alkoxycarbonyL carbamoyl, N-(l-4C)alkylcarbamoyl, di-(^-(l-4C)alkyl)carbamoyl, 

N-((MC)alkyl)(MC)alkanesulphonamido,H , -((l-4C)alkyl)ureido, 

N^(l-4C)alkylH4 3 -((l-4C)^ 
20 or of the formula -OC(=0)NR 7 (R 8 ) wherein R 7 and R 8 are independently hydrogen or 

(l-4C)alkyl or of the formula -N(R*)S0 2 NR 7 (R 8 ) wherein R 7 and R 8 are as hereinabove 

defined and R 9 is (l-4C)alkyl; 

or m is 2-4 and R 6 is hydroxy, (l-4C)aIkanoylamino, amino, (l~4C)alkylamino, 
(MC)alkanesulphonamido, ureido, N 3 -((l-4C)alkyl)ureido, di-(H 3 -(l-4C)alkyl)ureido or of 
25 the formula - NHS0 2 NR 7 (R 8 ) wherein R 7 and R 8 are as hereinabove defined; 
and pharmaceutically-acceptable salts thereof. 

2. A compound of the formula (I) as claimed in claim 1 wherein : 
R 1 is of the formula -NHC(=0)(l-4C)alkyl; 
R 2 and R 3 is hydrogen and the other is fluoro; 
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R 4 is hydrogen, methyl or oxo; 

R 5 is (l-6C)alkyl or of the formula R 6 (CH 2 ) ro - wherein either m is 1 or 2 and R 6 is 
trifluoromethyl, fluoromethyl, (MOalkoxy, (1-4C)aIkylS(0) p - (wherein p is 0, 1 or 2), 
(l-4C)alkoxycarbonyl, carbamoyl, N-(l-4C)alkylcarbamoyl, or di-(H<l-4C)alkyl)carbamoyl, 
5 or m is 2 or 3 and R 6 is hydroxy or (l-4C)alkanoylamino. 

3. A compound of the formula (I) as claimed in claim 1 wherein : 
R 1 is acetamido; 

R 2 and R 3 is hydrogen and the other is fluoro; 
R 4 is hydrogen, methyl or oxo; 

10 R 5 is(l-6C)alkyloroftheformulaR 6 (CH 2 ) m - wherein either m is 1 or2andR 6 is 
trifluoromethyl, fluoromethyl, (l-4C)alkoxy, (l-4C)alkylS(0) p - (wherein p is 0, 1 or 2), 
(l-4C)aIkoxycarbonyl, carbamoyl, NKl-4C)aIkylcarbainoyl, or di-(H-(l-4C)alkyl)carbamoyl, 
or m is 2 or 3 and R 6 is hydroxy or ( l-4C)alkanoylamino. 

4 * A compound of the formula (I) as claimed in claim 1 wherein : 
15 R 1 is acetamido; 

R 2 and R 3 is hydrogen and the other is fluoro; 
R 4 is hydrogen; 

R 5 is (1 -6C)alkyl or of the formula R\CHJ m - wherein either m is 1 or 2 and R 6 is 
trifluoromethyl, fluoromethyl, (MQalkoxy, (l-4C)alkylS(0) p -(wherein p is 0, 1 or 2), 
20 (MQalkoxycarbonyl, carbamoyl, N-(l-4C)aIkylcarbamoyl, or di-(H-(l-4C)alkyl)carbamoyl, 
or m is 2 or 3 and R 6 is hydroxy or ( 1 -4C)alkanoylamino. 

5 * A compound of the formula (I) as claimed in claim 1 wherein : 
R 1 is acetamido; 

R 2 and R 3 is hydrogen and the other is fluoro; 
25 R* is hydrogen; 

R 5 is methyl, ethyl, 2, 2, 2-trifluoroethyl, 2-fluoroethyl, 2-methoxyethyI, methylthiomethyl, 
methoxycarbonylmethyl, carbamoylmethyl, di-(N-methyl)carbamoylmethyl, 2-hydroxyethyl or 
2-(acetamido)ethyl. 

6. A compound of the formula (I), or a pharmaceutically-acceptable salts thereof, as 
30 claimed in claim 1 selected from : - 

N-((5S)-3-(3-fluoro-4-(4-memyl-3-oxopipera2m-l-yl)phenyl)-2<ixooxazolidin-5-yl)- 
methyl)acetamide; 
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N-((5S>3-{3-fluoro4-{4-ethyl-3-oxopiperazin- 1 -yl)phenyI)-2K)xooxazolidin-5-ylmethyl)- 
acetamide; 

N-((5S)-3-(3-fluoro-4-(4-(2-fluoroethyl)-3-oxopiperazin- 1 -yl)phenyl)-2-oxooxazolidin-5-yl- 
methyl)acetamide; and 

5 NK(5S)-3-(3-fluoro-4-(4-(2-methoxycthyl)-3-oxopiperazin- 1 -y l)phenyl)-2-oxooxazolidin-5- 
ylmethyl)acetamide. 

1 A compound of the formula (I), or a pharmaceutically-acceptable salts thereof, as 

claimed in claim 1 being : - 

N^(5S)-3<3-fluoro-4-(4-{2-fluoroethyl)-3-oxopiperazin- 1 -yl)phenyl)-2-oxooxazolidin-5-yl- 
10 methyl)acetamide. 

8. A process for the preparation of a compound of the formula (I) as claimed in claim 
1 which comprises :- 

(a) the deprotection a compound of the formula (II): 



15 




(H) 

(b) the modification of a substituent in, or the introduction of a substituent into, another 
20 compound of the formula (I); 

(c) when R 1 is of the formula - NHS(0) n (l-4C)alkyl, wherein n is 1 or 2, the oxidation of 
a compound of the formula (I) wherein n is 0 or, when n is 2 the oxidation of a compound of the 
formula (I) wherein n is 1 ; 

(d) when R 1 is of the formula -NHC(-0)(MC)alkyl or -NHS(0) n (l-4C)alkyl, the reaction 
25 of a compound of the formula (III) with a compound of the formula (IV): 
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rii -v>^A 

R 4/ r3 / \_ 



an) 



l'-R 12 
(IV) 



(e) when R 1 is hydroxy, the reaction of a compound of the formula (V) with a compound 
5 of the formula (VI): 



R 11_ 



^K^« B Y r14 



(V) 



(VI) 
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or 



(f) when R 1 is of the formula -NHC(=0)(1^C)alkyl, the reaction of a compound of the 
formula 0) with an amide of the formula (VII) : 



HN OR 

X CO(1-4C)alkyl 



(VII) 

wherein R 2 , R 3 , R 4 are as hereinabove defined; R 10 is R 1 or protected R 1 , R 1 * is R 5 or protected 
R 5 (wherein R 1 and R 5 are as hereinabove defined); R 12 is of the formula -C(=0)(l-4C)alkyJ or 
-S(0) B (l-4C)alkyl; R 13 is (l-6C)alkyl or benzyl; R M is (l-6C)alkyl and L 1 is a leaving group; 
and thereafter if necessary: 
5 i) removing any protecting groups; 
ii) forming a phaimaceutically-acceptable salt; 

and when an optically active form of a compound of the formula (I) is required, it may be 
obtained by canying out one of the above procedures using an optically active starting material 
or by resolution of a racemic form of the compound or intermediate using a standard procedure. 
10 9. A pharmaceutical composition which comprises a compound of the formula (I) or 
a pharmaceutically-acceptable salt thereof, as claimed in any of claims 1 to 7 and a 
phannaceutically-acceptable diluent or carrier. 

10. The use of a compound of the formula (I) or a pharmaceutically-acceptable salt 
thereof, as claimed in any of claims 1 to 7 in the manufacture of a novel medicament for use 
15 in the production of an antibacterial effect in a warm blooded animal, such as man. 
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